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: METHODS : AND: COMPOSITIONS: FOR REDUCING 
UV -INDUCED INHIBITION OF COLLAGEN SYNTHESIS IN HUMAN; SKIN 



BACKGROUND OF THE INVENTION ! ^ 
; ; ; 1; ; The Field of the Invention \\\^^ 
: : : : :5 ::::::::::::::::: : : This invention is ih the: field of iphotoproiectibn of human: skiri . : More 
particularly, tile invention relates to compositions and methods for this use by 
topical application to reduce if not eliminate: the inhibition of collagen -synthesis 
: : : : in human skin after incidental • and/or direct [ exposure to UV radiation as would; ; 
occur daily, and as would occur after recreational exposure to UV radiation 

: : 10 ::::::::::: during: a planned, extended period : in :the sun.: ::::::::::::::::::::: 



;2; ; The; state of the art: ::::::: 
::::::::: Human skin is a complex organ which extends over the entire- body; ■ : : 

There are different types of skin at different portions of the body; for example, 
::::::::::: facial skin is different from that of the: scalp,: and: even the skin on the front :::;;; 
15 : : : : : : (palm) of the hand is different than that on the back of the hand. \ Although the 
; ; ; ; type of skin can vary oyer a person's, body, skin is generally composed of two 
:::::::::: main layers of tissue The: epidermis, the outermost layer; is composed of 
;;;;;;;;;;; : ;;;; : ; several layers. The dermis, corium, or cutis yem* the true skin; is composed of 
;;;;;;;;;;;;;;;;;; a papillary layer above and a reticular layer below ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
■ 20 : ::::::::::::::::: : As:far as mammals go,: humans are essentially -hairless;: that is, most of : 
;;;;; the; skin of the human body; can be; seen without ; interference from ; hair. The ;;;;; 

skin is thus exposed to whatever insults (natural and man-made) the ;;;;;;;;;;;;;;; 
::::::::::: environment harbors; : Since it was first understood that the sun caused ::::::: 
;;;;;;;;;;;;;;;;;; erythema^; people have; taken; measures; to; avoid its "harmful fays.-;;There is a; ; ; 
: : : 25 ::::::::: : : 'difference between the physiology: of chronologically ^aged: or intrinsically-aged : ; 
:::::::::: : :::::: : iskin (old: skin) in: comparison with that of photoaged skin. Old skin typically : . : . 
;;;;;;;; mountains a smooth and unblemished appearance, in comparison with the ;;;;;; 
■ : leathery, blotchy, and often fine and deep wrinkling: of photoaged skin: ; The ;;;;; 
:::::::::: epidermis: of old: skin : is typically thinner: than normal; whereas that of photoaged 



30 



aged; skin can often be thicker than; normal (acanthotic) arid then; atrophies oyer 
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:::::: time; : See also N.A; Fenske and: CW.: Lober, "Structural; and: functional changes :: /:[':';][[][[[[[ 
;;;;;;;;; i of normal aging ;skiii, v ; J: Am A cod PematoLy 15:571-585 (1986); ] ] 

: Photoaging is a term presently used to describe the changes in appearance ::::::::: 
:::::::::::::::: and/or function of humanskiri :as: a result of repeated exposure to; sunlight,; and ;;;; : ;;;;;;;;;;;; ; 
;;;; 5 ;;;;;;; ; especially; in reference to wrinkles and other changes in the appearance of the 

skin thought to be related to: exposure to the sun. The ultraviolet (UV) ;;;;;;;;;;;;;;: 
: ;;;;;;;;;;;;;;;;;; component of sunlight^ particularly UVA and UVB, is generally believed to be 

the principal causative agent in photoaging. The extent of UV exposure :::::: 
;;;;:::: required to cause "photoaging": is not currently; known; although the; amount :::::::::::!:::::::::: 
; 10 ; ; : i ; sufficient to cause eiythema (reddening,; commonly; seen as sunburn) in human ;;;;;;;;;;;;;; 

skin is quantified empirically as the "minimal erythemal: dose" ("MED") from a ;;;;;;; 

;;;;;;;;;;;;;;;;;;; given; uv source; Repeated exposure to sunlight; uv at; levels that; cause ;;;;;;; : ;;;;;;;;;;;;;;; : ; 

erythema and tanning are, nevertheless, commonly associated with photoaging 

;;;;;;;;;;;;;;;;;;;;;;;;;;; soiar radiation reaching the earth's surface that effects and enables; ;;;;;;;;;;;;;;;;;;;;;;;; 

; ; 15 ;;;;;;;;;;; various animals, including humans, comprises ultraviolet (UV) (X, < 400 nm)^ ; ; ; 
;;;;;;;;;; visible (400 nm <;X< 700 nm), and infrared (IR) (k > 700; nm): UV radiation is ;;;;;;;;;;;;;; 
;:;;;; : : ; : ;;; : ;; : ; ; generally divided into UVA (320-400 hm), UVB (290-320; nm); and UVC (< 
290 nm); UVC radiation is bjocked from reaching the earth's surface by 
■ stratospheric ozone. : UVB doses in the range of 30^50 mJ/cm 2 skin cause y ::\\\\::::\:'::::'::':':':' 

20 erythema in most fair-skinned people Sunlight reaching the surface of the earth \\\ 

when; the sun is essentially overhead provides the following amounts of ; 
;;;;;;;;;;;;;;;;;;; radiation: O.SVoUVB; 65% UVA; 38.9% visible light; and 54.0%; IR: ; These ;;;;;;;;;;;;;;;;;; 

;;;;;;;;;;;;;;;; radiation; types; provide the following energy fluxes:; ; 2. i;i mj/cm 2 -s (211 w/m 2 ); ;;;;;;;;;;;;; 

;;;;;;;;;;;;■;;;;; for UVB; ; 8.57; mJ/cm^s (85:7 W/m 2 );for UVA;; 53:2 mJ/cm 2 -s (532;W/m 2 ) for ; ; ; ; 

;;; 25 ;;;;;■; ; visible light; and 72.2 ;mj/cm 2 -s (722 w/m 2 ) for iR:^^;;^^;;;;;;;;;;;;;;^;^;;^;;^;;^;;;; ;;;; ; ; ;; 
;;;;;;;;;;;;;;;;;; photoaging is characterized clinically by coarseness^ wrinkles, mottled ;;;;;;;;;;;;;;;;;;; 

pigmentation^ sallowness, laxity, telangiectasia, lentigines, purpura and! relative ; ; 
:: : ::::::::::::::: : ease of bruising, atrophy, depigmented areas, eventually; premalignant, and :::::::::: 
ultimately malignant; neoplasms.; Phbtpaging commonly occurs in skin that is ;;;;;; ; 
; ; 30 ;;;;; ; habitually exposed to sunlight such as the face, ears, bald: areas; of the scalp, ;;;;;;;;;; 

;;;;;;;;;;;;;;;;;;; neck,; forearms,; and; hands • ; : ; 

;;-; : ;;;;;;;;;;;;;;;;;;;;; Sunscreens are commonly used to prevent sunbuni (erythema) of skin ;;;;;;;;;;;; 

areas that are exposed to sunlight; Sunscreens are topical preparations that ;;;;;;;;;;;;;;;;;; 
;;;;;;;;;;;; contain ingredients that absorb, : reflect, : and/or scatter UV light: :Som 
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sunscreens; are based; on opaque peculate materials* among themi zinc oxide, ; ;;;;•; 
titanium oxide, clays, and ferric chloride; : Because such: preparations are visible; ;;;;;;;;;;;;;;;;; 
and occlusive, many people consider these: opaque formulations cosmetically : : : : : ; 
unacceptable.; Other sunscreens contain chemicals such as ^aminpbenzoic acid 
: : 5 ::::::::: : (P AB A), oxy benzone, dioxybenzone, ethylhexyl-methoxy cinnamate, : : : 

: octocrylene, octyl methoxycinnamate, arid buty Imethoxy dibenzoy (methane that ; ; 
are transparent or translucent on the skin While these types of sunscreens may ; ; ; ; 

: : : : be more acceptable cosmetically^ they are: Still relatively: short-lived and ::::::::::::::::::::::: : ::: 

::::::::::::::::::: susceptible to being removed by washing or perspiration.; ; ; 

10 As noted above, the generally accepted etiology of photodamage to skin 

:::::::::::::::::: involves an exposure to sunlight sufficient to Cause erythema (sunburn or :::::::: : 

::::::::::::::::;:: reddening; ; literally a flush upon the skin); and it is now known that sufficient ;;;;;;;;;;;;;;;;;;; 
:::::::::: UV radiation causes erythema: : This philosophy dictates that -present: : : 

:::::::: compositions and methods for inhibiting phqtoaging include the use of ; ; 
: : 15 : : : : compounds that block or absorb UV, and that such compositions need be used 
::::::::::: only : when there is a sufficient likelihood that exposure to sunlight will result: in : : : 

erythema More recent sunscreen compositions include combinations of 
::::::::::::::::::: compounds that block both UVA and:UVB radiation 

;;;;;;;;; According to Physiologyi Biochemistry, mdMoleculor Biology \ of the 
: : \ \ 20 ;;;;;;;;;;; Skin, 2nd Ed. y ed. by L.A. Goldsmith; (New York: Oxford Univ Press, 1991)^ ;;;;;;;;;;;;; 
:::::: UVA is considered both melanogenic and eiythemogenic and UVA exposure: : ;;;;;;;;;;;;;;;;;; 

;;;;;;;;;;;;;;;;;;; induces synthesis; of a 32kPa stress protein in cultured fibroblasts.; ; This; text ;;;;;;;;;;;;;;;;;;;;; 

further describes that after a latent period of several hours after UV irradiation ;;;;;;;;;;;;; : ;;; 

::::::::::::::: erythema becomes apparent (i.e., "delayed" erythema);: "immediate" erythema is: ::::::::: : 

;;;; 25; ;;;;;;;;;; ; described as; usually; hot apparent ; after uvb; or uvc exposures; but does; occur,; ;;;;;;;;;;;;;;;;; 

in a dose-dependent manner, after exposure; to UVA- Goldsmith teaches that 
:;;;;;;;;;;;;; 250-290 nm(UVC; region) is considered to be the most erythemogenic radiation : : : 
;;;;;;;;;;;;;;;;;;; with one thousand-fold less erythema at 290-340 nm (UVB and UVAl region);; ; 
::::::::::::::::::: erythema from UVB/C is taught ;to; be ;a function of the total radiation exposure 
: : ; 30; ;;;;;;-;;; rather the intensity of the radiation exposure.; : i 

;;;;;;;;;; : ;;;;;;;;;;;;;;;; Retinoids have; been used to; retard the; effects of photoaging in skin; ;;;;;;;;;;;;;;;;;;;;;;; 

appearing to have been damaged by exposure to the sun. U.S. Pat. No.; ;;;;;;; : ;;;;;; : ;;;;;;;;;;;; 
::::::;::: 4,877,805 describes the treatment of photoaged skin after photoaging has; ; ; ; 



become apparent clinically . : : This; patent ; indicates; there is little : point in 
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:::::::::::::::::: beginning the application of a retinoid to treat photodamaged skin until the ; 
effects of photoaging begin to appear; :;;;;;;;;;;;;;;;;;;;; 
:::::::::::::::::: On- the other hand, our pierterit a^lications (based on- copending; US, ; ; ; ; 
\ \ \ Patent Appln iSer. No; 08/588,771, filed January 19, 1996, and provisional ; ; ' \ 
i i i : : 5 ; i ; ; I i applications 60/048,520, filed June 4, 1997, and 60/057,976, filed Sep. 5, 1997, 

;;;;;;;;;;;;;;;;;; ;all related to photoaging of human skin,; the disclosures of which are ;; ; ;;;;;;•;; ; 

incorporated herein by reference for all purposes) describe the damage matrix 
::::::::::::: metalloproteinases (MMPs) do to; skin; that their: activity is greatly enhanced \ \ 
;;;;;;;;; after: exposure to UV radiation* and that; photoaging can and should be treated 
10 prior to the unambiguous clinical appearance of photoaging These patent 

;;;;;;;;;;;;;;;;;; applications describe treatment of photoaged skin (Le. y skin; that has; been ;;;;;;; 

exposed to solar UV radiation, regardless of whether erythema or the clinical 
signs of photoaging are apparent) by the topical administration of inhibitors of 
;;;;;;;;;;; MMPs (ic, direct inhibitors; of the proteinase) and of tnui$criptipri factors ;;;;;; 



:;;;i5;;;;;;;;;;; (e.g., inhibitors of AP-i) that affect MMP expression 

;;;;;;;;;;;;;;;;;;;;;;;;;; In view of the foregoing, it can be argued that the art adheres: presently to 
the philosophy that sunlight, (especially UV radiation^ causes erythema^ and that 
: : : repeated episodes of erythema and similarly chronic exposure to the sun result : ; 
;;;;;;;;;;;;;;;;;; in photoaged skin. ; This philosophy is based on the observation that people who 
20 have spent significant amounts of time in the sun have skin that appears aged. 



;;;;;;;;;; : ;;;;;;; :as: if these people where chronologically older. : As noted above,: though, certain ::::::: 
physiological; differences between old skin and photoaged; skin are apparent ;;;;;;;;;;;;; 
when histology and similarly direct measurements of the skin are taken. ;;;;;;;;;;;;;;;;;;;;;;;; : ; ; 

::::::::::::::::: :It can be seen that the art has concentrated oh preventing and repairing; :::::::::::::::::: : : 
: : 25 ; ; ; ; ; perceived damage to; skin that; appears aged because of chronic UV exposure; ;;;;;;;;;;;;; 

Sunscreens can prevent erythema, and this is generally considered sufficient for; 
;;;;;;;;;;;;;;;;;; protection from; the sun.: i The aforementioned patents teach treating : : : : 

photodamaged skin (although pur patent defines photodamage by the presence ;;;;;;;;;; 
: : : of elevated MMPs, whereas Kligman's patent defines photodamage by clinical ; ; - ; 

;;;;30 ;;;;;;;;;;; appearance). :: ' : - [ - ::::: ^ 

^ ;;;;;;;;••;;;; ; ■ Heretofore, nothing in the art has; appeared to address what effect, if any; ;;;;;;; 
::::::::::::: exposure to sunlight, and particularly the UV portion of the sun's spectrum, has ;;;;;;;;;;;;;;;;;; 
;;;;;;;;;; : : ;;;;;; ;on the: production of collagen ; Collagen is a polypeptide represented :by the: ;;;;;;;;;; 
;;;::;;;;;;;;;;;;; repeating peptides; [-X-Y-Gly-] b ; where; Gly is glycine arid; X; and; Y are other ;;;;;;;;;;;;; 
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: ■ : amino acids.; About 20% of the remaining amino acids are an equal amount of 
: : : proline and 4-hydroxyproline; analysis for hydroxyproline, because it isiah : 
unusual amino acidi :is one method for -assaying -collagen or procollagen; \\\\\\\\ [ \\\\\ 
amounts: Collagen also contains other unusual amino acids, such as ; : : 
: : : : : 5 :::::::::: : : 3-hydroxyproline and hydroxy lysine; Nineteen: different types: of collagen have : : : 
::::::::::::::::::: been identified. . Collagen Types I (85+%) and ID (8+%) are the predominant ; ; 

types of collagen in human skin and are present as fibrils. Structurally, three 
::::::::::: collagen: polypeptides wrap around each other in a helix to form a triple helix ; ; i 

collagen molecule These molecules are packed in a five-stranded rope-like ; ; ; ; 
: : 10 structure wherein each collagen molecule is quarter-staggered with respect to the 

::::::::::::: next: to form : a microfibril.: : Microfibrils aire subsequently wrapped around other ;;;;; 
microfibrils to form fibrils, which in turn wrap around other fibrils to produce 
:::::::::: even larger fibers; The: production of collagen fibers: in vivo requires activation 
::::::::::: of the collagen biosynthesis pathway by which transcription in the cell [ nucleus [ \\\[\ 
15: promotes polypeptide synthesis via translation from mRNA, organization of the 
:::::::::: polypeptides: into a procollagen triple helix: in the cytoplasm,: secretion -of • : : 

procollagen from the cell* and then cleavage reactions* fibril assembly ^ and ;;;;;;;;;; 
■ cross-linking extracellularly; Unlike many proteins that are stored in secretory 
::::::::::::::■ granules and then secreted from the cell upon demand,; collagen is secreted: :::•:::: 
■ : : 20 continuously. According to Goldsmith, cp. cit (at 492), not only do retinoic 

:::::::::: acid, glucocorticoids, and vitamin Dj derivatives all decrease collagen synthesis,: : : 
: ■ ; but so dp other retinoids. ::::::::;:::;: 



::::::::::::::::::: Summary of the Invention :::::::::::::::::::::::::::::::: 

:::::::::::::::::::::!::::: Unappreciated; by the art, we have found that exposure: to; UV radiation, \ ] [ 

25 .;::::.::;: . whether or not sufficient to cause erythema, results in a rather complete and 
::::::::::: temporary loss of collagen synthesis. : This: loss of collagen synthesis is based on: 
\ ; ; pur findings that both the mRNA for Types; Land; III procollagen and the Types ; 
: I and III procollagen proteins are reduced if not eliminated from fibroblasts and 
:::::::::: elsewhere in the skin after exposure: to UV: radiation, whether or not the UV :::::: 
; ; ; JO ; ; ; ; ; ; ; ; radiation is sufficient to cause erythema in a single exposure; 

In light of these findings, our invention generally can be summarized as 



the topical administration: of a retinoid : in: an amount effective to reduce the 
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::::::::::::::::::: inhibition of collagen synthesis mediated by exposure to UV radiation by: : 
applying the retinoid: to the skin at least :abbut 16:h6urs: prior to exposure.; ■ 

:::::::::::::::::::::: : In one: embodiment; -our invention ameliorates the inhibition of collagen 
synthesis caused by recreational exposure (i.e., prolonged exposure) to UV 

::::: :5: ::::::!::: : radiation :of at least one MED (minimal erythemal dose); such as: would typically: 

::::::::::::::: occur: when: one spehdsa significant portion of the daylight hours in sunlight. 

In another embodiment, our invention ameliorates the inhibition of 

::::::::::::::::::: collagen synthesis caused by incidental exposure to UV radiation generally; less ; 

than one MED; as would typically occur on a daily basis with such normal 
: : 10 ::::::: activities: as commuting to and from work: or school; : : 



Brief Description of the Figures 
::::::::: Figs. 1 A- IE depict cross-sections of biopsies of human skin stained for ::::::::: 
the expression of Type I procollagen mRNA as a function of time after exposure 

::::::::::::::: to UV radiation ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

15: :::::::::::::: Figs.: 2A-2F depict cross-sections of biopsies of human skin stained for ::::!■; 
the presence of Type I procollagen protein as a function of time after exposure 

::::::::::::::: to UV : radiation: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
: : : : Fig. 3 is a histograph showing the results of Western analysis for Type ;I ; ; ; ; ; 
procollagen protein in human skin in vivo as a function of time after exposure 

20 :::::::i::: to UV radiation \\\\\\\^ 

Figs. 4 A-4E depict cross-sections of biopsies of human skin stained for ; ; : ; ; 
the expression of Type III procollagen mRNA as a function of : time after : : : : 

::::::: : exposure to UV radiation.: ::::::::::::::::::::::::::::: 

Figs. 5A-5F depict cross-sections of biopsies of human skin stained for ; ; ; : : 
25 :::::: the presence of Type III procollagen protein as a function: of time after exposure : ; 
::::::::::::::: :to :UV: radiation. : : :::::::::::::::::::::::::::::: 

Tig. 6 is a histograph showing the results of Western analysis for Type III 
:::::::::: procollagen protein in human skin: in vivo as a function of time after exposure :::::::::::::: 
I:::::::::::::: :f6:UV: radiation. ::::::::::::::::::::::::::::::::::::::: 

30 ; ; ; ; : :::_::::::: Fig. 7 is a histograph depicting the amount of soluble collagen; ::;::: : ;;;;;;;;^;;;;;; : ;;;; 
: (determined via hydroxyproline measurement) from in human skin in vivo as a 



function of time:after: exposure of the skin to UV radiation 
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Fig; 8 is a histograph showing the amount of soluble collagen ; : ; 

:::::::::::: (determined via hydroxyproliiie measurement) from human skin wv/yoias a j I :::::::::::: 

*: ■ ■ function of the amount of UV with which the skin was irradiated. \\[ : \\ ::: \\\\\\\\\\\\\\:\[\:\\:\\\ 

Fig: 9 depicts as a histograph the results of Western analysis for Type I: : : ::::::: 

: : : : 5 : : : : : : : : procollagen protein :arid!the pN : precursor protein as a function • of the • amount ^ 

:: ;;;;;;;;;;;;;;;; uv with which the skin ;was jmdia*ed; ; ; ; ; ; 

Figs; 10A-10D depict croSS-SeCtionsof biopsies of: human :skin treated: 

:::::::::: with either retinoic acid or a vehicle alone and stained for the expression of W WW 
:::::::::::::::: Type I prpcoll^en mRNA, both before and after exposure of the skin to UV : : : 

: : : : 10 ::::::::::: : radiation;: ^ ^ ;;;; ^ ;;;;;;;;; i ;;;;;; ; 

EigS; :1 IA-1 ID depict cross-sections of biopsies of human skin stained for 
thie expression of Type I procollagen protein in human skin after treatment with 
::::::: retinoic acid or a vehicle alone, both before and after exposure of the treated WWW 

:::::::::::::::::: skin tb UV radiation, and which shows the protective effect of retinoids on; :::::::::::::::::::::: : 
:::: 15 ::::::::::: : procollagen protein Synthesis. :::::::::::::::::::::::::;:::: 

Fig. 12 is a histograph showing the results of Western analysis for the ; ; ; ; 
amount of Ty pe I procollagen protein and the pN precursor protein in human ;;;;;;;;;;;;;;;;;;;;; 
:::::: skin both before and after exposure to UV radiation where the exposed skin had ! 
been treated previously with retinoic acid; or a vehicle alone : ;; : ; 
20 Figs 13A-13D depict cross-sections of biopsies of human skin Seated 

■ : : : with either retinoic acid or a vehicle alone and stained for the expression of [ [WWW 

;;;;;;; ::: ;;;;;;;;; Type III procollagen mRNA, both before and after exposure of the pretreated ;;;;;; : ;;;;;;;;;;;;; 

::::::::::::::::::: skin to UV: radiation.: :::::::::::::::::::: 

::::::::::::::::::: : FigS: : 14A-14D depict CroSS-sections of biopsies of human skin treated! 
I 25 ; I with either retinoic acid or a vehicle alone and stained for the expression of ; ; ; 
::::::::::::::::::: Type III procollagen protein, both before and after: exposure of the pretreated 
::::::::::::::::::: skin to UV radiation.; ::::::::::::::::::::::::::::::: 

Fig 15 is a histograph showing the results of Western analysis for :;::::::::;:::::::::::::: 
:::•:::: Type III procollagen protein "and the pN precursor protein in: human skin in vivo WWWWWWWWWWWWWWWW 
: : : : SO: : ; : where the skin was pretreated with either! retinoic acid or a vehicle alone and; ; ; ; ; 

;;;;;;;;;;;; ; then; exposed to yy radiation; ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; : ;;;;;;;;;;;;;;;;; ; 

:::::::::::::::■:::::: Fig; 16 is a histograph: depicting our results; of the assayed amount of ;;;;;;;;;;;;; ; 



soluble collagen (measured via hydroxy proline content); in; human; skin in vivo 
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:::::::::::::::::: treated with either retiiioic acid; or a vehicle ; alone^ both before and after ; ;;;;;;;;; 
exposure to ITV : radiation; :::::: 
:::::::::::::::::::: : Fig: : 1 7: IS a histograph depicting ouri analysis for soluble collagen \ ; 

[[] (determih^ yiia hydroxyproiine content) in human skin both before and after 

::::: 5 :::::::::: : exposure to UV radiation, : wherein: the skin: was pretreated; 8 hours before: ::::::::::::::::::::::::: 

:::::::::: exposure with either vehicle alone or a retinoid; ]]][]':':':[][[':':':[[]]\[[[][\\[[\[]\\][':\] : ]]\]]':]][] :: . : ,]][ 

Fig; 18 is a histograph depicting our analysis for type I procollagen 
: protein and the pN precursor protein in human skin: after exposure to different ::::::::::::: 

:::::::::::::::::: doses of UV: light using alight source that approximates the output from the; ;;;;;;;;;;;;; 

;;; ;ip;; ;;;;;;;; sun. ;;;;;;;;;;;;;;;;;;; ;;;;;; ;;;;;;;;;;;;;;;;;;;; ; ;;;;; 

:;:;::::;:;:;::::::::::;; Fig; 19 is a histograph depicting bur analysis of collagen gene expression [ [ 
;;;;;;;;;;;;; determined via a reporter gene after that gene has been introduced into human ;;;;;;;;;;;;; : : ;;; ; 
skin fibroblasts and those cells then irradiated. 



Description of Preferred Embodiments 
; 15 ::::::::: : Collagen IS, for all intents and: purposes, the Structural compound that :::::::::::::::::::::: 
supports the skin- Collagen precursor molecules are synthesized in fibroblasts in 
:::::::::::: the dermis; fibroblasts are:the only cells in the dermis: to produce collagen; 
;:::; Fibroblasts are trophic to the epidermis; under normal conditions they secrete a \ \ 

number of growth factors (e.g., FGF^ IGF, arid; KGJ% among others) and produce ; ; ; ; ; 

20 procollagen that enters the dermal matrix to: become: structural collagen. 

;;;;;;;;;;;;;;;;; Procollagen is a: soluble collagen precursor secreted from fibroblasts and then; 

; ; ; ; inverted extracellularjy into insoluble; collagen, the primary extracellular ;;;;;;;;;; 
;;;;;;;;;;;;;;;;;;; structural component of human! skin. : After being secreted, the procollagen; 

;;;;; protein's carboxy terminus is cleaved to produce the pN collagen precursor ;;;;;;;;;; 
25 I ; ; i ; protein; thereafter^ the amino terminus of the precursor protein is cleaved to ;;;;;;;;;;;;;;;;;;;;;; 
::::::::::::::::::: produce insoluble: collagen, which is incorporated ; into; the extracellular: dermal: 

matrix.; While there are a number of different types ; of collagen and ; ; 
■ procollagens from which they are derived, types I and III constitute the vast : : : 

;;;;;;;;;; majority (93+%) of the total collagen in the skin: ; Type I procollagen migrates: :::::::::::::::::: 
; ; 30 ; : ; ; ; ; to the demiis-epidermis; junction,; where it is converted into Type I collagen: ;;;;;;;; : 
; ; ; ; Type; III prpcpllagen is converted in the dermis into Type III collagen^ which is ;;;;;; ; 



then: found throughout the dermis; 



;;;;;;; We first discovered th^ exposure to 2 ; MEps of UV radiation; eventually ^ ;;;;;;;;:;;;;;;; ; 
eliminated procollagen synthesis in human skin. One MED, or minimal : : 

erythemal dose,:is the minimum dose of radiation required to cause reddening of ;;;;;;;;;;;;;;; 
human skjh; For a constat source of illumination, such as a UV bulb, the ;;;;;;;;; 
quantity of UV radiation with which a; person is illuminated is a function of the : ■: : : 
duration of exposure; In real; life exposure to the sun; one MED will be »;;;;;; 
function of the time of day, cloud cover, humidity, air quality, and other factors 
One MED is generally equivalent to an exposure of skin to the sun on a clear 
day for about 15 minutes when the sun is essentially overhead. ; : ; 

Our investigations relied on a number of human volunteers (all having ; ; ; ; 

given prior informed consent), generally ages 20 to 50, whose skin was exposed ; ;;;;;:;;;; 
to UV fadiatibri arid then biopsied for further analysis Except where otherwise ;;;;;;;; 
indicated, in the following experiments four F36T12 ERE-VHO UV bulbs were ;;;;;;;;;;; 
used to irradiate human skin; At all times, a Kodocel TA40I/407 filter was ; ;;;;;;; 
mounted 4 cm in front of the bulbs to remove UVC radiation (< 290 nm). ; ; 
:::::::::::■:: Radiation intensity was monitored using an IL44 3 phototherapy radiometer and 
;;;;;;;;;;; ;an; SED240/UVB/W photodetector (International Lights Newbury, MA). ; ; ; ; ; 

: Spectroradiometry was performed using an Optronic Laboratories OL 754 ;;;;;;;.;;;;;;;;; ;;;:;;; 
system. : Total irradiance (290-800 nm) at about 43 cm (1 7 in.) from the source ; 
20 pf four bulbs was about 1:5 mJ/cm^s (149 x 10' 3 W/cm?): ; The radiation output ;;;;;;;; 

from the bulbs was determined by spectroradiometry to provide about 47% UVB 
; ; ; ; ; and about 27% UVA (composed of about 9% UVA| (340-400 nm) and ; about :::;:;;;;;; 
18% UVA 2 (320-340 nm)), the remainder being visible and IR radiation An ; 
exposure of about 160: seconds under this : set of four bulbs is equivalent to an 
25 exposure of one MED. ; Accordingly, when compared with; the total radiation ; i i 

from natural sunlight that reaches earth's surface, which radiation has about ; ; ; ; 
; ;;;;;;; ; ;;;;;;;;; 05% UVB and 65% UVA, it; can: be :seen that the set of four bulbs used in : 

;;;;;;;;;;;;; these experiments provides far less uva radiation; than would exposure to the ;;;;;;;;;;;;;;;;;;;; 

;;:;;:;;;;;;;;;;;; sun of an equivalent amount of UVB. ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 



30 ;;;;;;;;;;; Effect of uv radiation on Collagen Synthesis ;;;;;;;;;;;;; 

We exposed volunteers to 2 MED of UV radiation on specific areas of 
their hips or buttocks :(i.e , areas typically not exposed to the sun on a chronic 
: ■ : baisis or incidental: basis) and biopsied the area; oh each; volunteer both prior to 
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::::::::::::::::: exposure j and thereafter at 8,; 24* 48, arid 72 hours after exposure: As; shown in ; ; ; ; ; 

Fig. 1, when these biopsies were analyzed by: the riboprobe://rsjr/u: hybridization ::::::::::::::::: 
::::::::::::::::: technique :tO : reveal : the ihRNA that : encodes: Types! I: arid; 111; procollagens, the- ::::::::::::: 

; ; ; results! were striking^ As shown by the staining in Fig, 1 A, prior to UV 
: : 5 :::::::::::: exposure, fibroblasts in the dermis have Type I procollagen imRN A: III their :::::: i ::::::::::::::::: : 

::::::::::::::::: nuclei.: : Eight hours! after :ejq}i^sure to 2 MED thereisa; significant reduction; in; ;;;;;;;;;;;;;;;; : ; 

the amount of procollagen I mRNA in; the fibroblasts* nuclei;(Fig: ;i B), and 24 :::::: : 
::::::::::::: hours after exposure there is: ho:discernable: amount of mRNA reveatled: in- tKe 

;;;;;;;;;;;;;; cells (Fig. id).; Accordingly,; the pathways that promote normal collagen ;;;;;;;;;;;;;;;;;;;;;;;;;;; 

10 synthesis are effectively stopped 24 hours after exposure to 2 MEDs of exposure : : : 

to UV : radiation; : As described in the aforementioned photoaging patent ; ; ; : 
applications, exposure to UV radiation also induces the production of MMPs 
:::::: (matrix metall ©proteinases), enzymes that degrade collagen- Thus, UV radiation ;::::: 
;;;;;;;;;;;;;;;;; undermines the structure of the skin by both stimulating degradation of collagen ; : ; ; ; ; 
; 15 ;;;;;;;;;;; and inhibiting collagen synthesis; The amount of procollagen I mRNA appears 
::::::: greater forty nsight -hours after UV exposure (Fig ID) than before- UV: exposure : 
(Fig. 1 A), and; there is an even more pronounced increase in the amount of the ::;:;;:::: 
■ procollagen; I; mRNA 72; hours after exposure (Fig; IE), as if the skin were ;;; 

::::::::::::::::: healing a wound: :::::::::::::::::::::::::::::: 

: 2Q; ; ; ; ; Figs.; 2A-2F are analogous to Figs; 1 A-E and depict immunohistological ;;;;;;;;;;;;;;;;;;;; 
::::::::::::::::: staining of the Type I procollagen : protein in the skin. : Consistent with Fig; 1 , : : 

without UV exposure the procol lagen I ; protein is present in the fibroblasts; aid; ;;;;;;;;:; 
at the papillary dermis (dermis-epidermis junction), as seen by the dark band in 
::!::::::: Fig 2 A.: : Four hours: after UV exposure, the amount of Type I procollagen : : 
25 ; ; protein is reduced in both areas (Fig 2B), and between 8 arid 24 hours after ; ; ; 

exposure there is no discernable presence of Type I procollagen in the skin ;;;;;;;;;;;;;;;;;;;;;;;;; 

:!::::::::::::::: :(FigS.: 2C and :2D;: respectively).: : Similarly, :the: amount of Type: I: procollagen :::::::::::::::::::::: 

present; in; the skin is greater 48; and 72: hours after exposure (Figs. 2E and 2F) ;;;;;;;;;; 
than prior to exposure; this appears to be a "rebound"; effect. . ; ; ; ; 

; ; 30 I:::::::::::::::::: Fig. 3 :is a histogram showing: the results :6f: bur analysis: by Western ::::::::::::::::::::::::: 

;;;;;;;;;;;;;;;;; blotting for the amounts of Type I procollagen ; protein arid ; the pN; collagen; ;;;;;;;;;;;;;;;;;;;;;;; 
:::::::::::::::•: precursor protein (/.<?:, the procollagen having had its carboxy terminus cleaved ;; : ;;;;;;;;;;;;;;;;; 
::::::::::::::: extracellularly) in skin: at specific: times after exposure: to UV radiation.; : The ; ; ; ; 
;;;;;;;;;; abscissa in Fig: 3; is: normalized to; a value of V P for unexposed; skin.; ; In this ; ; ; 
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:::::;:::;:;::::;; figiire it can be seen that the amounts of these proteins are essentially the same 
::::::::::::::: before exposure and: about 4 hours: later, and drop precipitously: by 8 hours after: . \ [ 
::::::::: exposure. : The amounts of procollagen and pN precursor protein stay; at very ;;;;;;; 
;;:::::::::::::::: depressed levels al least one day after UV exposure, and return to about half of 
: : : 5 :::::::::: their original amounts three days after exposure. 

Figures 4 A-4E depict results for the analysis for Type III procollagen ;;;;;;;; 
i ;;;:;;;; : ;;;;;;; ; mRNA analogous; to Figs. 1A-1E. ; Similarly, they show that the Type HI ;;;;;;;;;;; 
■:::::: procollagen mRNA is essentially absent from the skin one day after exposure to ; ; 
UV radiation and returns to a more normal value after about two days, and 
: : : jo ::::::::::: : appears to exhibit a rebound effect after three days (72 hrs); that is, our: ;;;;;;;;;;;;; 
::::::::::::::: analytical technique reveals that the amount of Type III procollagen mRNA is 
;;;;;;; clearly greater after recovery from the UV-induced inhibition of collagen : : 
:::::::::::: synthesis than before exposure, which can be seen by comparing Fig. 4 A (pre- ;;;;; 
;;;;;;;;;;;;;;;;'; exposure) with Fig. 4D (2 days after exposure* essentially recovered) and with 
: 1 5 :::::: : Fig; 4E (3 days after exposure, mRNA levels greater than before exposure). 
::::::: Figures : 5A-5F depict photomicrographs of biopsy cross-sections stained ; 

for Type III procollagen protein analogous to those shown in Figs. 2A4F. 
: Again, these : data show that: eight hours after exposure to 2: MED, and through : : : 

;;;;;;;;;;;;;;;; : ;at least 24 hours after; exposure, the Type ID procollagen is almost absent from 
20 the skin and greatly diminished from its abundance in the skin prior to exposure. 

■;■::: Similarly; two days after UV exposure, Type III procollagen has returned to the; : 

;;;;;;;;;;;;;;;;;; skin; in an overabundance (an; apparent rebound effect). ;;;;;;;;;;;;;;;;-;;;;;;;;;;;;;;: 

Figure 6, like Fig 3, depicts our results of Western analysis blots for 
::::::: procollagen protein: and: the :pN precursor: protein: found in biopsy samples from 
■ • 25; ; ; ; ; ; our volunteers; taken at set times after UV exposure. Generally consistent with; ;;;; 
:::::::::::::::::: the other results for Types I and III procollagen, as soon as 8 hours after 
;;;;;;;;;;;;;;;;;; exposure and lasting for at least three days after exposure, the post-exposure 
;;;;;;;;;; levels of Type III procollagen protein in human skin are greatly diminished from 
::::::;;;;;;;;:::; their steady state values.: ;;;;;;;;;;;:;:;:;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; ;: ;; : ;;;; : ;;;;;;; 
;;; 30; ;;;-;;;;;;;;;;;;;; As mentioned above, collagen; and procollagen each include the amino ; ; 

acid hydroxyprolihej which is an uncommon amino acid* and so assays for its 
;;;;;;;;;;;;; presence are indicative of the amount of collagen present. ;Fig. 7 depicts the 

::::::::::::: Summary: 6f OUT analysis for hydroxy proline in biopsies taken from: Qlir: ::;:::::::::: 

;;;;;;;;; volunteers at different times after exposure to UV radiation; the; abscissa shows ; ; 
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::::::::::::::::::: thjB soluble hydroxy proline inpicomoles per microgram of total protein,: ::::::::::::;::::::::::::: 
indicative bf :the amount: of soluble collagen procollagen) in Humari skin.; 

; ■ [ As seen in Fig.; 7, the loss; of soluble collagen from skin becomes detectable 



only after about four (4) hours, and is clearly detectable eight (8) hours after: UV 
: 5 : : : : : ::::::: exposure. : This deficit in the amount of soluble collagen persists at about the ; ; ; 

same level for about two days after exposure to UV radiation. 
::::::::::: We investigated: the effect; if any, on: the inhibition of collagen synthesis 
;;;; : ;i : ;;;;;;;as a function of the UV dose. ; Using five of our volunteers, we biopsied ; ; ; ; ; 

sun-protected skin from each and assayed the biopsy for soluble collagen by 
10: measuring the amount of soluble hydroxy proline in the sample from ; exposed; ; ; 



skin compared with one from unexposed skin; We exposed different sun- 
: protected sites on these volunteers' skin to 0.1, 0 5; 1; and 2: MEDs of: UV: : : : : 
;;;;;;;; radiation and biopsied; these; areas; 24 hours; after UV exposure to determine the; ;;;;;;;;; 
effect of the UV dose on the amount of soluble collagen in the volunteers 1 skin: 

;;;; is ■:::::::::: ■ These- results are: shown in Figs, s and ;9: ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Figure 8; is a histograph shows pur results in determining the effect of ;;;;;;;;; 

various doses of UV radiation on the: loss of soluble collagen in sun-protected 
;;;;;;;; : ;;;;;;;;; ; human skin 24 hours! after; exposure (measured as the amount; of hydroxyprolirie ; ; 

in biopsies from our human volunteers) This figure shows that 0.5 MED of 
; ; : 20 UV radiation caused a discernible: loss of soluble collagen, and that an exposure: 

to 1 MED was essentially equivalent to an exposure of 2 MED in causing a loss 

;;;;;;;;;;;;;;;;;; of soluble ; collagen. ;;;;;;;;;;;;;; :: ; : ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;^ 

;;;;;;;;;;;;;;;;;;;;;;;;;;; Figure 9 is a histograph depicting a summary of our Western analysis of 

Type; I procollagen and the pN precursor protein in human skin after exposure to ;;;;;;;;;; 
25 the same UV doses as in Fig 8 Figure 9 shows that an exposure of 0. 1 MED ;;;;;;;;;;;;;;;;;;; 

::::::::::::::::::: had a negligible effect ori theamount of soluble collagen and Type I : : 

;;;;;;;;;;;;;;;;;;; jprpcpiiageh protein; in; the skin after 24 hours - ;whiie;o.s med had a; more; ;;;;;;;;;;;;;;;;;;;;; 

:::::::::: pronounced effect, and 1 MED was almost equivalent to: 2 MED: by causing ;a; ;;;;;;;;;;;;;;;;;; ; 
;;;;;;;;;;;;;;; loss of about 60% of the soluble collagen and 80% ; of the procollagen; protein ;:;;;;;;;;;;;;;;;;■; 
30 ; ; ; ; and thepN precursor protein ; Therefp^ exppsed tp sub-MED UV ;;;;;;;;;;;; 

::::::::::: radiation will have a resulting loss of collagen synthesis even; without the ;:;;;•;;;;;;;;;;;;;;;;;;;; 
;;;;;;;;;;;;;;;;;;; occurrence: of erythema: These results; mean that incidental exposure to UV ; 

;;;;;;;;;;;;; radiation that is insufficient to cause erythemai the type; of exposure that; would; ;;;;;;;;;;;;;; : ;; ; 
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; : ;;;;;;;;;;;;;;; be expected to; occur on a daily; basis; (such; as going to; and from work or ;;;;;;;;;;;.;;;;;;;;;;; 

: school), nevertheless results in a loss of collagen synthesis. 

;;;;; : ;;;;;;;;;;;;;;;;;;; These results show that exposure of human skin to one MED ofUV; ;;;;;;;;;;;;;;;;;;;; 

; ; radiation, or less, leads to a rather complete loss of the mRNA that codes for the ;;;;;;; 
is;:: production of types I and III procollagen in the cell as well as a rather 
;;;;;;;;; complete loss of procollagen Types I and III in the dermal matrix. We have; ;;;;;;;; 
shown in the aforementioned patent applications on photoaging that MMPs are ;;;;;;;;;;;; 
;;;;;;;;;;;;;;;; elevated after 2 MEDs of UV exposure. ; While hoi desirous of being ! : : 

constrained to a particular theory of operation* we believe that the; loss of ; ; ; ; ; ; 
; ; : |b ;;;;;';;;;;; procollagen is due either: to its conversion to collagen which is then degraded by : . : 
; MMPs, or to some other mechanism that is preventing the synthesis of ! ! ! : : 

procollagen or its conversion to insoluble collagen. It is clear that there is- a ; ; ; ; 

: ; concomitant loss of mRNA signalling fori collagen synthesis that is caused by ::::::::::::: : 

;;;;;;;; exposure to uv radiation. ; The reduced signalling; could be due to reduced ; ;;;;;;;;;;;;;;;;;;; 

15 transcription of the mRNA, or increased degradation of the procollagen mRNA 

;;;;;;;;;;;;;;;;; that is; produced. ; Regardless; of the actual mechanism(s) by which procollagen ;;;;;;;;;;;;;;;; 

mRNA and protein are reduced (which mechanism(s) is not being relied upon ;;;;;;; 
;;;;;;; ;for a theory of patentability), it is clear the reduced mRNA signalling for the 
; production of procollagen fails to replenish the procollagen; lost in the dermal ;;;;;;; 

; ; 20 ;;;;;;;;; ; matrix after exposure to; uv radiation. ;;;;;;;;;;;;;;;;;;;;;;;;;;; : ;;;;;;;;;; : ; : ;;;;;;;; ; : ;;; : ; ; ; ;;;;; ; 



:: ; ::::: ; : ; : ' :::: Retinoid Pretreatment ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;; 

We tested whether retinoids, in particular zlUtnms retinoic acid, would 
;;;;;;;; have any effect on the loss of procollagen mRNA; and/or the procollagen; : : 
;;;;;;;;;;;;;; proteins in human skin after exposure to UV radiation. ; (Unless otherwise noted; 
;;; 25 ;;;;;;;;;; the retinojc acid used in the experiments; described herein was alUtnms.) ;;;;;;; 
;;;;;;;;;;;;;;; Separate areas of skin from each of our volunteers were treated; with; either 0.1% 
;;;;;;;;;;;;;; retinoic acid in vehicle or with vehicle alone; the vehicle was composed of a ; 

; ; ; ; ; mixture of ethanol and polyethylene glycol in a 70:30 volumetric ratio. 
;;;;;;;; Thereafter; these areas of skin were exposed to 2 MEDs (typically) ofUVi : : 
; 30 ;;;;; ; radiation; and then biopsied; at; specific times; after the exposure; this biopsies ; ; 
;;;;; were analyzed; as described previously. The site; of the yojunteers' skin to be 
exposed to UV radiation was treated prior to U V exposure with either the 
;;;;;;;;;;;;; viytxms retinoic acid! or the ; control ; vehicle. ; ; Pretreatment times of eight : hours \ 



WO99/51220 



PCT/US99/07267 



: : : before: exposure <Iid not appear to significantly : prevent reduction; in collagen; ;;;;;;;; : ;;;;;;;;;;;; ; 
; ; ; synthesis^ whereas pretteatnrent times of 24; hours before exposure gave the: ;::::::::::::: 

:::::::::::::::::: results we describe below: (in: which: a reduction in collagen: biosynthesis was : : :::::::::::::::::::: 

:::::::::::::::: prevented): Nevertheless, it should be uriderstqodthat a period of pretreatment 
with retinoid more than eight and less than twenty-four hours before ;UV ; ; ; 
: : : : : exposure may likely be sufficient: to prevent the reduction in collagen ::::::: 
biosynthesis we have observed; Furthermore* it should be understood that in all 
: : : : of the following examples treatment with a retinoid (e.g., "retinoic acid-treated") :::::::: 
::::::::::: or the vehicle (e g , "vehicle-treated") should each be understood as pretreatment ::::::::::: 
; ; 10 ;;;;;; : ; ; ; ; 24 hours before yv exposure ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

:::::::::::::::: : ::::::::: Our invention on the use: of retinoids to -protect against the UV-iriduced ::::::;::::::::::::: 
loss; of procollagen Types I arid III is more graphically depicted in Fig. 10^ 
which shows stained biopsy cross-sections (analogous to those shown: in Fig: i) 
: : : : of vehicle- and retinoid-treated skin prior to UV exposure; land then after UV: : 
: X ? ::::::: : : : : exposure. Figure 10 shows cross-sections stained for Type I procollagen mRNA ; ; ; 
::::::: (the derm is-epi derm is junction has been delineated electronically: with a solid ::::::: 
: : : : line). Fig. 1 OA is vehicle-treated skin and Fig 1 OB | is a\l-trans retinoic acid- ! ! : : 
treated skin, both prior to U V exposure. In this pair of photographs, the ; ; 
:::::::::::::::::: procollagen mRNA is expressed: in the various: fibroblasts: in the dermis; while :::::::::::::::::::: 

20 : : the retinoic acid-treated ("RA" caption in the figure) skin shows darker staining, ; ; ; ; 
::::::::::: the: number and density of the fibroblasts producing: the mRNA for procollagen 

:::::::: biosynthesis are essentially the same in both- After :UV exposure; the skin! ::::::::::: 
treated with only the vehicle evidences a- gross reduction in mRNA, as shown ; in ; ; ; 
:::::::::: Fig. 10C, and so it can be inferred that no procollagen is being synthesized. 
: 25 : : : :::::::: However; skin pretreated (24 hours): with a retinoid and then exposed to UV :::::::: 

radiation does; not; appear to evidence any joss in the iriRNA signalling ; ; ; 
::::::::::: necessary :for procollagen biosynthesis, as shown in Fig 1 0D. Comparing 

Figs.; 10C and: 10D; it is striking; ta note that the retinoid-treated skin appear^ ::::::::::::::::::::: 

unaffected by exposure to UV radiation, to the extent that Type I procollagen ;;;;;;;;;;;;; : ;;;;;; ; 
; 30 : : : : : : mRNA is expressed: to the -same degree after UV exposure as before; The skin ; ; ; 
;;;;;;;;; lacking; the retinoid treatment (vehicle-treated) shows essentially a complete ;;;;;;;;;;;;;;:::::::: 

;;;;;;;;;; : ;;;;;; ; inhibition of procollagen synthesis.; ;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

;;;;;;;;;;;:;;;;;;;;;;;;;; -Figures 1 1 A-tiD depict the immunohistoiogicai staining of cross-sections ;;;;;;;; 

;;;;; : ;;;;;;;;;;; of skin from our volunteers: stained for the: presence of Type I procollagen:: : 
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I:::::::::::::::: : protein: wherein the-sicih was pretreated with either a retinoid or the vehicle ; ; ; 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 alone arid biopsied both before and after UV exposure In Figs.: llA and| I|1B ;;;||:|||:||::::::: 

:::::::::::::::::::Ae presence :of the Type I procollagen protein :Cah: be Seen in patterns similar XO. :::::::::: 

those shown in Fig.; 2A; the protein is; present in the fibroblasts in the dermis 
::::: 5 ::::::::::: : and at the dennis-epidermis junction. There is no appreciable difference 

between the patterns For Figs. HA and! 11B; i Biopsies taken 24 hours after ^ ^ :::;::: ; 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 exposure to UV radiation of 2MED yield striking differences between the ; ; : 
::::::::::::::::: : control and the retinoid treated areas. Fig; 1 1C shows the control: (vehicle- ::::::::::::::::::::::: 
:::::::: treated) skin biopsy in which the staining at the dermiMpiderniis junction is ;;;;;; 
1 1 1 1 10| 1 1 1 1 1 1 ; 1 1 1 1 significantly less than before exposure, and there is almost no staining in the : : 

::::::::::::::::::: dermis: (implying that there IS: no procollagen ih the: fibroblasts). On the Other ::::::::::::::::::: 
; ; ; ; hand, the retinoid-treated section shown in Fig. 1 ID has significantly more ; ; ; 

staining for type I procollagen protein at the dermis-epidermis boundary, and in 
;;;;;;;;;;;;;;;;;;;the fibroblasts in the dermis; than the control biopsy! j The staining in Fig. 1 ip ; ; ; ; 
II I 15 1 1 1 1 1 ; 1 1 ; ; I I is| cpmpafable,| though slightly reduced, to that I in Figs. 1 1 A and ; 1 I B before UV ::::::::::::: 
exposure. Accordingly, retinoids prevent the reduction in Type I procollagen :::::::::!::::":::::: 
;;;;;; protein: and the Type l procollagen mRNA that occurs both in fibroblasts arid at ; ; ; ; ; 

the dermis-epidermis junction after, exposure to U V radiation. ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;:;;;; 
: : : : : ; Figure 12 is a histograph depicting our results of Western blot analyses of : : i : : 
;;;;20; ;;;;;;;;;;; biopsies from our volunteers where the skin was pretreated with retihoic acid or ; ; ; ; ; 

the vehicle alone^ biopsied, exposed to UV radiation, and biopsied again; : As : : ;;;;;;;; 
;;;;;;; shown, prior to: UV exposure the; vehicle-treated; area has an amount of Type I ;;;;;; ; 

;;;;;; procollagen and the pN collagen precursor that have been normalized to a value ;;;;;;; 
::::::::: of 10; Unexposed retinoic acid^treated skin had essentially the same amounts 1 1 1 1 1 1 1 | 1 1 
25 ; ; : ; ; ; of Type I procollagen; and; the pN precursor protein. The biopsies of UV- : ; : 

exposed skin taken 24 hours after exposure to 2 MEDs show that the vehicle- ; ; ; ; ; 
:::::::::::: treated areas had less than half the: amounts of Type I procollagen protein and 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

;;;;;;;;;;;;;;; : ; :: pN collagen precursor protein than; were ; present before exposure. ; These results ;;;;;;;;;;;;;;;;;; 

;;;; i ;;;;;; are consistent with those discussed previously. The! retinoic aci<toreated areas, ;;;;;;;;;;;;;;;;;;; 
; ; 30 : : : ; ; though, showed very little loss of both the Ty pe: I: procollagen arid the pN : : : 
;;;;;;;;;;;;.;;;;;; collagen precursor protein; both values were greater than 80% of the control. ;;;;;; 

;;; ; : ;;;;;;;;;;;;;;;;; ; ; The use of retinoids to protect against the UV-induced loss of type ;III ;;;;;;;;;;;;;;;;;;; ; 
: : : : procollagen is also graphically: depicted in: Fig; : 13,; which: shows biopsied: cross-; : | 



sections (analogous; to those shown in Fig. 4) of vehicle- and retinoid-treated 
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::::::::::!::::::: skin prior to UV exposure arid; then; after UV exposure, stained for the ; ; 

expression of Type III procollagen mRNA; Type ID procollagen mRN A is: ::::::: : 

:::::::::::::::::: expressed in fibroblasts in the dermis; prior to UV exjposure; in :b6th vehicle-: :::::::::: 

;;;;; treated (Fig. 13A) and retinoic acid-treated (Fig, 13B) skin. After exposure to 
: : : : :5 ::::::::: UV radiation, the vehiclertreated skin showed essentially a complete absence : of :::::: 
the expression of the Type III procollagen mRNA (Fig. 13G)^; whereas the; ;;;;;;;;;;;; 
retinoid-treated skin showed little, if any, reduction in the expression of Type ID 

:;;;;;;;;;;;;;:;;; procollagen mRNA (Fig. 1 3D); : : : : 

::::::::::::::::::::::::: : Figures 14A-14I> are analogous to Figs. 13A«l3Pj as just desprib^ blit ]]]':[[[[ 
10 are stained for the presence of Type ID procollagen protein; As shown in Figs. 

:::::: ;i 4 A and 14B, in stained biopsies of the control and; retinoid-treated areas, prior; ; ; 
to exposure to UV radiation, the Type III procollagen protein is present 
:::::::::: throughout the dermis. Twenty -four : hours after exposure to 2 MEDs of U V ::::::::::: 
radiation^ the amount of Type III procollagen protein is dramatically diminished 
IS throughout the dermis in the control (vehicle- treated) biopsy section (Fig. i4C) 

;;;;; In stark contrast, the retinoid-treated area after exposure to UV radiation : : i ! 

(Fig.; 14D) has; almost the same pattern and intensity of staining as shown in 
:::::: Figs. 14 A and :14B prior to UV exposure. Therefore,: the topical administration ::::::: 

;;;;;;;;;;;; of a retinoid prior to; uv; exposure prevents; the reduction in Type ;m ;;;;;;;;;;;;;;;;;;; ; 

; 2Q ; ; procollagen protein (Fig. 14) and the Type III procollagen mRNA (Fig. 13) that 

occurs after exposure to UV radiation.: ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
;;;;;;;;;;;;;;;;;;;;;;;;;; Fig.; IS; presents a histograph; of our; results for Western analysis of the ; 

Type III procollagen protein and the pN collagen precursor protein (analogous to 
;;;;;;;;;;;;;;;;;; Fig.: 12): in human: skin treated with either retinoic: acid :ot vehicle alone prior: to : ; 
25 ; ; ; : ;;;;;; ; exposure; and biopsied both before; and after UV exposure; ; Again, prior to UV : 
exposure both vehicle (VEH) and retinoic acid (R A) treated skin had essentially 

:::::::::::::::::! :the: same: amounts of these: proieins.: : After 2 MEDs of UV exposure, the: :::::: : 

amounts of these proteins; in; the skin had been essentially; halved, as shown; by ; ; ; 
::::::::: the VEH+UV bars. However, the retinoic acicikreated Unirradiated sections 
::: :30 :::::::::: : (RA+UV) had essentially the same; amounts of these; proteins as both the: control :::::: 

;;;;;;;;;;;;;; and the; retinoic acid-treated areas prior to exposure. ;;;;;;;::;;;:;;;;;;;:;;::;::;:;;;;;;:;:: 

We also assayed the biopsies from pur volunteers for soluble collagen ;;;;;;;; 
::::::::: (measured as hydroxy proline : content) in vehicles and retinoid-treated skin, both 

;;;;;;;;;;;;;;;;;; before; arid: after UV exposure! ; As shown in Fig- ; 16; prior; to; exposure, the: : : 
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amount of soluble collagen in the control and retinoidrtreated skin were each : : : 
about the same (the vehicle-treated skin being normalized to !al value of 1 .0). ;:;;;::; 
After UV: exposure^ the vehicle-treated skin (VEH+UV) had only ;abput;40% of 
:::::^:::::::::::::the soluble collagen as was present prior to exposure: The retinoid-treated area 
: : : : : 5 : : :::::::::: (RA+UV) still had reduced amounts; of soluble collagen when compared with ;;;;;; 

skin prior to UV - exposure, yet the levels were almost twice what was found in 
the vehicle-treMed/UVTexposed: skiri; : : : 

: : : As mentioned above, the area of the volunteers 1 skin to be treated with a ; ; ; 
: retinoid prior to UV exposure was pretreated 24; hours prior to exposure We 

id • pretreated certain volunteer's sun-protected skin with 0.1% all imns retinoic acid : 
; ; 8 hours prior to exposure to 2 MEDs of U V radiation. As shown in Fig. 17, the 

level of soluble collagen' in sun-protected skin (as measured by hydroxy proline 
: : : content) in vehicle- and! retinoid-treated skin after! 8 hours and without exposure ! 
i : to ^ radiation was the same (normalized to a value of 10) Pretreatment 8 ;;;;;; ; 

:::: 15 ::::::: : hours prior to exposure to 2 MEDs provided no discernible benefit: : as the right : 
hand part of Fig. 17: shows, the amount of soluble collagen 24 hours after UV ; 
exposure where the exposed skin had been pretreated with a retinoid 8 hours 
before exposure was essentially the same in the retinoid-treated and the control : : : 
(vehicle-treated) skin. Thus, as mentioned above, to prevent UV-induced loss of 
: 20: : : : : collagen synthesis using a retinoid, pretreatment 24: hours before exposure yields 
: : : the desired prophylactic effect, whereas pretreatment 8- hours before exposure ^ 

;;;;;; ; yields no significant prophylaxis. ;;;;;;;;;;;;;; 

::: : :::'::::::::::::::::::: the foregoing examples : were performed using the bulbs and filters noted : : 
::::!:::::: above. We have determined that such a system provides UV radiation with ■ : : : 
;;;; 25; ;;;;;;;;;; ; about twenty times jess; UVA; radiation than normal sunlight for the same ::::::::::: 
::::.:::::::::::::: incident energy basis The radiation from: those: tubes comprises : about: 50% :::::::: 

: ■ ; ; ; I UVB, about 25% ;UVA; and about: 25% IR/visible. i In natural sunlight only ! ; 
::::::::::: i I ■ ■ about 4-5% of the UV radtiation is UVB; the remainder is UVA; ; We have now 

:::::::::: used al "solar simulator" that provides, at 290-400 nm (UVA : and UVB range), ; ; 
: : 30;; ; ; solarl radiation having; relative amounts of UVA : and; UVB that are equivalent to 
that found in natural solar (i.e., a ratio of UVAiUVB of about 9:1). We have 
: : : : : examined the effect of this solar-simulated UV irradiation (mimicking the 
;;;;;::::::::::: spectral output of the sun) on type 1: procollagen protein ; levels in human skin in : . . 
;;;;;;;;;;;;;;;;;;; vivo As shown in; Fig. 18, we found that exposure doses pf lMED and 2MED ; ; 



VVO99/5i220 



PCT/US99/07267 



18 



:::::::::::::::::: jsolvrsimulated UV causes; significant re|ductions of type I procollagen : protein, :::::::::::::::::::: 
:::::::::::::::::: :as: was shown previously: with: UV: exposure :from: a predominantly: U:VB: source. :::::::::::::::::: 
:::::::::::::::::: Accordingly; ;this:CQnfinhS; thai UV radiation from the Slip causes! loss of I::::::::;:::::::;:;:!:::; 

: ':':\':':':':': : .':': : . : .':':':[ procollagen in human skin in Vivo. :::::::::::::::::::: 

: : : : : 5 ' ::: : :::::::::::: : : As described: above, in human skin: the cells that produce type l : : 

: : : procollagen are fibroblasts; We have utilized cultured human skin fibroblasts to 

better understand how U V causes inhibition of procollagen synthesis in: human: ::::::::::: 
:::::: skin.: : UV irradiation inhibits type I procollagen; gene expresion in cultured \ [\\\[\[ 

human skin fibroblasts, like it does in human skin in vivo. UV irradiation also :7:E:::::::::::::: : 
: 10 induces transcription factor c^JUN in cultured human skin fibroblasts, like it ::::::: 

I::::::::::::::::: does! in vivo; induction of c-JUN results; in the generation of MMPs that degrade 

collagen. We introduced into human skin fibroblast a collagen (type I alpha 2) :::::: 
:::::::::: reporter gene for type I procollagen; namely,the gene -772 ! COL 1 A2 deletion :::::;:::::::: 

plasmid (described by H. Ihn^ E.D. LeRoy* and ;M. Trojaiiowska in J. Biological ;;;;;;;;;;;;;;;;- 
: 15 Chem y 272:24666-672, 1997) was inserted using a dominant negative c-jun : : : 

::::::::: plasm id named TAM-67 (described by PH. Brpwn.T.K. Ghen, arid M.J:-: Birrer : : 

in Oncogene^ 9(3): 79 1-9, 1994); As transformed, the dominant negative plasmid 
:::::::: results in the production of a non -functional c JUN factor that interferes with the: ::::::::: : 

normal c-JUN functioning, while it is; non-functiona} it effectively neutralizes the ; ; : ; : ; 
2(3 functional c-JUN in the celi. thus, the reporter gene is expressed when 

;;;;;;;::: collagen synthesis: genes are expressed. Fig: 19 shows the results obtained by : : : : 

exposing these transformed cells to UV radiation The control (CTRL) is shown ; ; 

to provide a baseline of active collagen gene expression that occurs normally in : : : 
;;;;; these modified cells. ; After! the cells have been irradiated with UV light from : : 

: i?5 ;;;;;;;;; ; ; the solar simulator (at about 30 mJ/cm 2 ), the reporter gene expression is; ; ; ; 
;;;;;;;;;;;;;;;;;; analyzed and, as shown in the figure, it is reduced to about 50%; thus, solar 
;;;;;;;;;;;;;;; radiation reduces; collagen gene; expression. ; Turning; to; the transformed cells in; ::::::::!::::::: 

which the mutant c-JUN interferes with expression of normal c-JUN* after ;;;;;;;;;; 
:::::::::::::::::: exposure to UV radiation (from; the aforedescribed bulbs, not: the solar : : 

;;; 30 ;;;;;;;;; ; simulator) there is no reduction ; in; collagen gene expression.; ; Thus^ in these ;;;;;;;;;;;;;;;;;;;;;;; 

; ; ; ; alt red cells^ when transcription of the collagen gene occurs, the reporter genie ;;;;;;;;;;;;;;;;;;; ; 
::::::::::::■::: that interferes with c-JUN is activated, thereby preventing the inhibition of : : : : 

;;;;;;; collagen synthesis. These data iridcate that c-JUN mediates inhibition of type I: : : : 

procollagen gene expresion by ; U V ; radiation. ; Accordingly ^ agents, ; like \\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
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retinoids ^ ;that block; induction of ;c-JUN; by UV radiation would be effective in ; ; ; ; ; 

:::::::::::::::::: protecting skin exposed tO UV from :l0SS of procollagen; : Other inhibitors; of ::::::::::: 
:::::::::::::::::: C*JUN: are described below; \[\[\\[\\\\\\: 

; In summary of the foregoing, we have shown that UV radiation depletes : 
: : : : : 5 :::::::::: : the amount of collagen, procollagen protein, the pN precursor protein, andithe ;;;:;;;;;;;;;;;;;;;; 
! ! i i procollagen mRNA in the skin and inhibits the synthesis of collagen. We have: ; ; ; 
shown that ;sub-MED; ievels;of UV; radiation, as well as supra-MED levels of . : : : : 
::::::::::::::■ exposure, also result in: a loss: of soluble collagen, procollagen, the ipN; precursor^ ;;;:;;;;;:;;;;;;; 
;;:;;;;:;;:;;:;;:; and mRNA signalling; We have shown; that the decrease in procollagen protein ; ; ; 
: 10 levels is not discernible until some time after exposure; And we have shown 

that retinoids protect human skin in vivo against the UV -induced inhibition of 
■ collagen synthesis. ; It should be appreciated that the; present invention is useful ;;;;;;;;; 
;;; : ;;;;;.;;;;; : ;;;for preventing the UVrinduced inhibition of collagen synthesis in both skin that : :::::::::::::::: 
has no discernable photoaging and in skin which has existing photodiamage ;;;;;;;;;;;; 
15 : : : : : (either in the long term through chronic exposure or in the short term, such as ; 

after a sunburn had at the beach); i Whether or not the skin has actual or visible ;;;;;;;;;; 
;;;;;;;;;;; phptodamagie, exposure to the sun will result in an inhibition of procollagen ;;;; : ;;;; : ;;;;;;;;;;;; 
:::::::: synthesis. For skin: that does not appear to: be photodamaged, use: of this 

invention will prevent inhibition of procollagen synthesis.; ; Sun-djuiiaged skin, in ; ; ; 
; ; 2Q which procollagen synthesis has been inhibited, is in the process of healing, and •;;;;;;;;;;;;;:;; 

;;;;;;;;;;;;;;;;; further exposure to the sun will effectively prevent healing by both degrading ::::::: 

;;;;;;;;;;;;;;; collagen that has been replaced as part of the healing process, and by continuing ;;;;;;; 
::::;: : ::::::::::::to : cause inhibition of collagen synthesis Accordingly, this invention is useful ; 
; ; on all skin, regardless: of the 'degree of existing photodamage. : : 

;; 25 ;;;;; ; Retinoids; useful in practicing; the present invention include those such as;;;;;;;;;;;;;;;;;; 

:::•::::::::::::::: chsclosed in U S. Pat. No; 4,877,805 and the dissociating retinoids that are ;;;;;;;;;;;;;;;;;;;;;;;; 
;:;;;;;;;;;;;;;;;;; described: by Fanjul ei di: in Nature (1994) 372: 104- 11Q.; : Retinoids; typically; ;;;;i^^::::::^: 

;;;;;;;;;;;;;;;; include natural and synthetic; analogs; of vitamin a (retinpl),; vitamin A aldehyde ;;;;;;;;;;;;■;;;;; 

:::::■:::: (retinal),: vitamin A acid (retinoic acid (RA)), including ;all-/rarw, 9-c/s, and: :;;;;;;;:;:;;;;;:;;;;;; 
i ; 30: : 13-cw retinoic: acid), etretinate; ; and others as described in EP-A2-0 379367, ; ; ;;;;;;;;;;;;; 

US 4£87£05, arid US 4;888;342| (the disclosures of which are all incorporated ;;;;;;; 

herein by reference); Various synthetic retinoids and compounds having retinoid ;;;;;;;;;;;;;;;; 
::::::::::::::::: activity are expected to :be useful in this invention, to the: extent: that they: exhibit: ;;;;;;;;;;;;;;;; 

;;;;;;;;;;;;;;;;;;; retinoid; activity in vivo-, and; such; are described in various patents assigned on; ;;;;;;;;;;;;;;;;;; ; 
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::::::::::: their face io Allergan Inci, such as in : the foUbwihg U S. Patents* numbered : ; ; ; ; 
;;;;;;;;;;;;;;;; 5,514,825;; 5,698,700; 5,696,162; 5,688,957; 5,677,451; 5,677,323; 5,677,320; \\ i 

\ : : : 5,675,033; 5,675,024; 5,672,710; 5-688,175; 5,663^367;; 5,663,357; 5,663,347; ;;;;;;;;; 
;;;;;;;;;;;;;;;;;;; 5,648,514; 5,648,503; s^iz^m 5,618,931; 5,618,836; 5,605,91 5; 5,602,130; ; ; ; ; 



5 ; Still other compounds described as having retinoid activity are described in : : : : 

! i other U.S. Patents, numbered: 5,648,563; 5,648^385; 5^618^839; 5,559,248; ;;;;;;; 

; ; ! 5,616,712;; 5,616,597; 5,602,135; 5,599,819; 5,556,996; 5,534,516; 5,516,904; ;;;;;;;;;;;;; 
5,498,755; 5,470,999; 5,468,879; 5,455,265; 5,45 1,605; 5,343,173; 5,426,1 l«i 
i ! i i ! \ 5,414,007; 5,407,937; 5,399^586; 5,399,561 ; 5,391,753; and the like The ; ; ; ; 
10;; disclosures of all of the foregoing and following patents and literature references 



: : : are hereby incorporated herein by reference. While retinol is the preferred ; ; 
;;;;;;;;;;;;;;;;; compound; for topical; administration, effective derivatives of retinol that would 

be expected to be useful for practicing this invention specifically include retinal, 
: i retinoic acid (including; all-tetfw, 9-cis y and 1 3-cis isomers) and derivatives ; ; ; 
15 thereof (such as 7,8-didehy droretinoic acid), and others as described by 

Kiigman et al\ the disclosure of which is incorporated herein by reference, 
including cosmetically acceptable salts, esters, reverse esters, and ethers thereof, 
conjugates thereof, and mixtures thereof 
:::::::::::::: The effective amount of the active ingredient applied to the skin is \ \\\\\\\ 
20 preferably in the range of about 0 001 -5 wt.%, more preferably about ; 

0.01-2 wt %, still more preferably 6.1-1 wt.%; Compositions are formulated to 
:::::::::::::: provide preferably about 5 jig ± 2.5 jig/cm 2 skin when applied For example, a ; 

preferred composition for use in this invention is Retin-A® retinoic acid gel and 
cream (available from Ortho Pharmaceuticals) available presently for the 
; ; 25; ; : ; ; : ; treatment of acne vulgaris, in strengths; of from 0.01% to 0;1%; the vehicle ;;;;;; 

preferably includes, depending upon the particular formulation j at least one of 
:::::: : butylated hydroxy toluene, alcohol: (denatured with /-butyl: alcohol :and brucine 
;;;;;;;;;;;;;;; sulfate), stearic acid, isopropyl myristate; polyoxyl 40 stearate, stearyl alcohol,; ; ; 
and the like, and compatible mixtures thereof; ;;;;;;; 
30 : : Other compounds useful for practicing this invention include those that 

;;;;;;;; inhibit the signalling in the kinase cascade pathways, such as the stress-induced 
pathways (SAPs) at or upstream of the presence of c-JUN* that result in the 
:::::: formation of c-JUN It is preferred that these compounds be administered 
;;;;;;;;;;;;;;;;;;; topically.: - Exemplary: compounds that: are inhibitors of c-IUN include geranyl ; ; : 
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::::::::::: geranyl transferase inhibitors arid lisofyjline, which inhibit activation of the JNK ; ; ; 
cascade: ; Compounds such as SB202190 (described by Lee, J.C , e/ a/., Nature 
! ! ! I ! ! i (I994) 372 739-746) and PD98Q59 (described by Dudley, PX, et al. 9 Pwc. TV^v 

Ac^ScL (USA) (1995) 92:7686-7689) that inhibit specific kinases in the SAP : :::::: 
5 ::::::: : Cascade are at SO useful in this invention Other compounds that are likely to ::::::::::::::::::::: 

::::::::: inhibit the formation of c-JUN are cell surface receptor inhibitors that prevent or \\\\\\\':\\ 

diminish the increase in c-JUN occurring after exposure to UV radiation. Such | 
receptor inhibitors (commercially available from BIOMOL Res Labs., Inc., 
! Plymouth Meeting, PA) include: antagonists of ionophore and I 
10 G protein-coupled receptors (such as suramin, also known as an antiprotozoal); 

and antagonists of epidermal growth factor receptors (such as. AG-494;; ! 
; i ; ; Erbstatin analog; Genistein; Lavendustin A; Tyrphostins 1, 9, 23, 25, 46, 47, and : 

:::::::::::::: Antioxidants can be viewed as inhibitors of collagen synthesis inhibition 
15 by UV radiation. While not desirous of being constrained to a particular theory, 

it is believed that : such compounds work by quenching or otherwise reducing 
free radicals and reactive oxygen species which initiate or lead to the kinase ; ; ; 
cascades that result in c-JUN formation, which leads to MMP production and, it : ; 
is believed, inhibition of collagen synthesis. Antioxidants useful in this ■ ■ ■ ! 
; 20; ; ; ; ; ; ; invention include glutathione and its precursors, such as N-acetyl cysteine : : : : : : 

(NAC), more broadly N^CH 3 (eH 2 ) 0 GO cysteine (wherein n is an integer from : : ; : : : 
zero to eight, more preferably not more than 4), and relied compounds and [ 
derivatives thereof as described in U.S. Pat No. 5,296,500 (the disclosure of 
which is incorporated herein by reference) Antioxidants also include: (i) lipid- ::::::::::::::::: 
; : : : 25 ::::!:::::: : soluble compounds such as ^-carotene and its derivatives^ other earptenpidsi and \' : \\] 
vitamin E and related tocopherols; (ii) water-soluble compounds such as vitamin 

::::::::::::::::::: C and derivatives: thereof (e.g., ascorbyl gluCOSeamine), glutathione; and NAG; ::::::::::::::::::; 

;;;;;;; and (iii) other compounds such as one of the pigments that makes tomatoes red, \[[\ 
lipoic acid, genistein, and ebselen and other selenium compounds. Glutathione 
30 and its precursors, such as N-acetyl cysteine (NAC), more broadly: • : : : : 

N-G^GH^nGO cysteine (wherein n is an integer from zero to eight, more 
: : : ; preferably not more than 4), and related compounds and derivatives thereof are 
::::::::::: described in U S' :Pat. No.: 5,296,500 (the disclosure of which is incorporated : 



herein by reference) 
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: the compositions :usefill :in :this:inveiltibn :C^ :include: one or more ::::::::::::::: 
::::::::::::::::: compounds that function as a sunblock (e.g., zinc cream) prsunscreen; 

(e.gij oxybenzones, alkpxycinnamates, and the like), as described above; a .; : : 
preferred sunscreen is PARSOL* 1789, alone or in combination with :::::::::: 
; I 5 ■ ; ; ; ; ; PARSOL MCX or another sunscreen. ; PARSOL* 1789 (also ldiowh as ;;;;;;;; 
PARSOL A) is :4-/-buty 1-4- -metho^dibera^ which is described in 

U S Pat. No. 4^3 87,089 (the disclosure of which is incorporated herein by : : : : : 
reference). (PARSOL MCX and PARSOL MOX are both trademarks for 
2-ethylhexyl /^-methoxycinnamate, a UVB blocker commonly used in ; ; ; ; ; 
: : : \Q :::::::::: : commercial sunscreens, :and disclosed in :U.S; Pat: No.: 4,7 13,47 3, the disclosure ::::::: 
;of which is: incorporated hereinby reference) ;;;;;;;!!;:::::::::::::::;:;;:::::::::::::::: 
The foregoing description is meant to be illustrative and not limiting. 
: Various changes, modifications, and additions may become apparent to the ; ; 

skilled artisan upon i a perusal of this specification, and such are meant to be 
15 within the scope and spirit of the invention as defined by the claims. 



::::::::: : Methods Used in the Examples 

::::::: Histology and morphometry ; Replicate 4-mm punch biopsies were ::::::: 

: obtained from buttock; or hip skin of each individual; Formalin-fixed tissue : ; 

pieces were sectioned,- stained with hematoxylin and eosin, randomized and ;;;;;;;;; 
: : 20 : : :::::: : : : blinded. : The sections: were examined using: an Olympus: BX40: microscope: in ::::::::::::::::::: : 

conjunction with \&\ Sony PCX- 151 high-resolution camera; \ Blocked areas; 200 ; : ; 

^m on a side were isolated using NIB Imager software and epidermal height 
:::::::: was assessed at four: sites (25 Jim apart) in each : of two such areas.: : The same ::::::: 

two blocked areas were used for epithelial cell counts. ; The number of ; ; 
: : : :25 interstitial cell nuclei (i.e \ nuclei below the dermisHepidermis junction, not 

::::::::::::::::: : associated : with capillaries) :OVer;the ientire: histological: section was determined :aS: : :::: : ::::::: : 

; ;a measure of dermal; cellularity. The same blinded sections were scored for \\\]\]\\\\\\\][]\\][ : 
:::::::::: connective tissue fiber spacing, thickness, degree of disorganization and: depth of: 

::::::::::::::::::: disorganization, using :a:SCale of 1 -9;for each parameter^ ::::::: 

\'-\ 30 i ■: ■ \\ \ Northern analysis of RNA; ; Tptai RNA (egi fpr prpcoiiagen tti(iri)) was; ; ; : ;;;;;;;;;; : ; ; 

: isolated from skin samples by guanidinium hydrochloride lysis and : : : ; 

;;;::: ultracentnfugation (as described by G.J.: Fisher et a/. , i fl Cellular, immunologic 
: :::::::;;;-;:;;;;; ahdi biochemical characterization of topical retinpic acid-treated human skin," J, ; : 
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;;;;;;;;;;;;;;;;;; ;7>?ve^;Z)^^p^ 96;6??-707 (1991)); ; Northern analysis of total RNA : : : 
: : ■ (40 tig/lane) with randomly primed : 32 P : labelled: cDNA probes: for the: particular: :::::::::::: 

:::::::::::::::: mRNA to be determined were performed as described by ; G I: Fisher 

"All tttms retinoic acid indues cellular retinot-binding protein in human skin in : 
;;:;:5::;;;;::;; vivo,":/ Investig. Dermatol, 105:80-86 (1995)). Type HI procollagen mRNA :^:l:::::::i::::::: 

was determined using reverse transcriptase polymerase chain reaction ; ; ; 

:::::::•:::::::::::::::::: Western analysis of Proteins ; : Type I procollagen and pN collagen ::::::::::::::::::::::::: 

::::::::: precursor protein, as well as Type III procollagen were detected in skin extracts 

W\ \ by Western analysis as! described by G J. Fisher era/, (in "Immunological ::::::::::::::::::::::;:: 
: 10 identification and functional quantitation of retinoic acid and retinoid X receptor 

WW proteins in human ski^ J. Biol, Om,^ 

Immunofeactive proteins were visualized by: enhanced chemiiuminescence 

::::::::::::::::::: detection :and quantified by laser densitometry, or by enhanced :::::::::::::::::::: 
\\\\\ chemifluorescence detection and quantified; by ;a Storm imager (Molecular 

WWW ?'5 ::::::::::: : Dynamics,; Sunnyvale,: CA) 

::::::::::::::::::::::::: Immunohistology: • Immunihistology of Type I and Type III pN collagens ■ ; : 
was performed as has been described by Griffiths, C.E.M., et qi 9 N. Engl 1 ; ; ; ; ; 
:::::::: :Me<£, 329: 530-53 5 (1993) ; Type I pN: collagen: was detected with mouse :::::: 
i ; monoclonal IgGl antibody (SP1.D8; available from; Univ.; of Iowa Dept. of ;;;;;;; 
■ 20 ; ; Biological Sciences Developmental Studies Hybridoma Bank, Iowa City, IA) 

: : : : raised against the aminopropeptide region of human Type I procollagen :::::: 

;;;;;;;;;;;;;;;;;;; (Foeiimer ■ h g , ; et qi 9 EmJ> Biochm;, 134:183-189 (1983)). Type; in pN ; ; ;;;;;;;;;;;;;;;;; 

collagen was detected with affinity -purified rabbit polyclonal antibody to ; ; ; 
: aminopropeptide of Type III procollagen (identical to that used for Western :::::::: 

;;;; 25 ;;;;;;;;;;; ; analysis).; Appropriately diluted; igG l was used as control for SPi.ps antibody; ;;;;;;;;;;;;;;;;;; 

and rabbit serum for Type lit procollagen antibodies. 

;;;;;;;; : ;;;;;;;; : ;;;;;;;;; in situ Hybridization : ; Digoxigenin-contaihing sense and antisense ;;;;;;;;;;;;;;;:; 

ribpprpbes to detect human type I and Type III procollagen RNA (mRNA) were ;;;;; : ;;;;;;;;;;; 
::::::: synthesized with the use: of T3 and T7 ribonucleic acid polymerases: Frozen :::::: 
; : ; i 30; ;;;;;;;; ; ; ; skin; sections (5 \m) were mounted, fixed,; treated; and hybridized as described \ \ [ 
;;;;;;;;;;;; by ; Fished G H., etdl y J. Im^t DermcM^ 105:80-86; (1995); ; Hybridization ; :::::::::::::::::: 

signals were detected immunohistochemically with the use of alkaline ;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
;:::: phosphatase-conjugated ; antidigoxigeriin antibody ; : : 
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::::::::::::::::::::::::::: Hvdrbxyprbline Analysis : \ hydroxyproline; analysis using thfe Amino Acid 
Anajyzef Model 420H (Applied Biosy stems, Foster City, €A) automates pre- :::: 

::::::::::::::::::: column pheny Ithiocartartyl-amirio: acid (PTG-AA); analysis. ; The Model A20K ; ; 

:[\\: analyzer first hydrolyzes proteins to liberate free amino acids. Once hydrolyzed, 

::::: 5 :::::::::::: the free amino acids are derivatized with pheny lisothiocynanate (PITC) to form: : 

::::::::::::::::::: PTC-AA derivatives.: • A: reverse-phase column in ^temperature^ oven ; 

separates the PTC-AAs; Concentration of hydroxyproline in the skin extract 



was determined based upon a hydroxyproline standard 
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W: \[[ What is claimed is; 
: : : i :::::: : : : : : l. : A method for preventing the reduction in collagen biosynthesis: in :::!: 
: 2 : : : ■ human skin mediated by exposure of the skin to UV radiation, comprising; 

::: 3 ::::::::::: : providing a composition comprising an effective amount of a retinoid and : : 
: : : : : 4 :::::: : : : : : topically administering: said retinoid to the skin prior to :the exposure of the skin 

5 to UV radiation, wherein the topical administration is made prior to exposure by • ; ; 

::::$: :::::::::: an amount of time effective to prevent a UV^induced reduction in collagen 

: : : : 7 ::::::::::: : biosynthesis :::::::::::::::::::::::::::: 



12. The method of claim 1, wherein the retinoid is all-/rarw retinoic 

2: :::::::::: : acid; tetinol, Or a mixture thereof: ::::::::::::::::::::::::::::: 



\ :::::::::::::::::::: 3.: : : : : : The method of claim 1, wherein the reduction in Type I 

2 \ ; \\\ procollagen synthesis is prevented, ; ; 



: : 1 :::::::::::::::::::: 4. : : : : : : The method of claim 1, wherein the reduction in Type III 

\\\%\\\\\\\\\\ procollagen synthesis is prevented. \ \\\\\\\\\\\\\ 



1 | 5. The method of claim 1, wherein the source of the UV radiation is 

2 the sun : ; 



16. The method of claim 1, wherein the retinoid is applied to skin on -a 

: : : ?: :::::: : : : : : regular basiS; ; ■ : 



: 1 7. The method of claim 1 , wherein the retinoid is applied-tp skin at 

::::: ;2: :::::::::: : least once daily. \ \\ \\ \\ \\ \\ \\ \\ ^^ 



18-1 The method of claim 1, wherein the exposure comprises at least 

:::::2:::::::::::: MED of UV radiation. :\\'^^^ 



9. \\\\\\ The method; of claim 8, wherein the exposure wmprises at least 2 



2 MEDs of UV radiation 



WO 99/51220 



PCT/US99/07267 



26 



:::::: \q : : : : jheimeihod of claim I, wherein thee^bsure comprises less; than 
MED of UV -radiation; : : : 



:1 :::::::::::::::::::: :U ;::: : The method of claim; 1 , wherein the topical administration is made 

:?! : ■ : : : & least 1 6 hours before exposure.: ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 



1 12. ; ; The method of claim 1 1 ^ wherein the topical administration is 

. ; ; 2 :::::::::; : made at least 24 hours; before exposure. ;;;;;;;;;;;;;;;;;;;; 



::::: ;1 :::::::::::::::::: : :1]3 L \\][ the method of claim; 1 , wherein the : composition : further: comprises 
: : : : : 2 ::::::::::: a sunscreen; :a: sunblock;: an antioxidant,: or ia! mixture thereof: ::::::::::::::::::::::: 



:!:: 14. The method of claim 1, wherein the composition: further comprises 

::::: :2: :::::■:::: : an antioxidant: ::::::::::::::::::::::::::::::::: 



: : : : : \ ::::::::::::::::::: : 15. : : : : The method of claim 1, wherein the 'composition: further comprises 
: : : : 2 ::::::::::: a combination; of (i): an antioxidant and (ii); a sunscreen or sunblock.; ;;;;;;;;;;;;;; 



;;;;;;i;;;;;;;;;;;;;;;;;;;; ;i6- ; ; ; ; The: method of claim; is, whereinihe sunscreen is 

: : : : 2 ::::::■:::: : 4+.butyl^ '■ [ 



; ; ; ; : ;i ;;;;;;;;;;;;;;;;;;;; :I7 : . : : : : The: method of claim 16; wherein the; sunscreen is a combination; ; 
; ; 2; ;;;;;;;;; ; of 4-f-butyl-4'-methbxy^^^ /Mnethoxycinnamate^ 



;;; 1 ;;;;;;;;;;;;;;;;;; ; ; ; ; ; The:method of claim; l,; wherein thetopical administration; is; made 

:::: :2: :::::::::: : more than; 8 hours before exposure. \ ]\ \\ \[[\\\]\\\\\\\\\\\\\\\\\\\\\\\\\\\\]\\:\\:\:\\\: 



;;;;; ;i; ;;;;;;;;;;;;;;;; ; 19. ; ; The; method of; claim; i; s ; wherein the; topical admihistratipn; is; made 

;;;;;;2;; ;;;;;;;;;; more; than 16 hours before exposure ;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 



;;;;;; 1 ;;;;;;;;;;;;;;;;;; ; ; 20- ;;; ; The method of ; claim 1, wherein the; topical administration; is; made; 



;?; ;;;;;;;;;; ; about 24 hours; before exposure 
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:i:::::::::::;;;::::::21::::: The method Qfcjainv ill,; wherein the; skin has na apparent signs; of 
2 ::::::::: : phptodam age prior to practicing said method. 



: :1 :::::::::::::::::::: 22; ; ; ; ; The method of claim 1 , wherein the skin has apparent signs of 
2 photodamage prior to practicing: said method. 



:::::::: 23. ; The method of claim 1, wherein the skin presents with erythema 

prior to practicing said: method. ::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



24. The method of claim 1, wherein induction: of c-JUN is inhibited: 



::::::::25.;;; : A method for preventing the reduction in collagen biosynthesis in 
human: skin mediated by c-JUN : through exposure: of -the : skin to : U V : radiation, : : \ 
comprising:: : providing a composition comprising an effective amount of an 
inhibitor of c-JUN and topically administering said inhibitor to the skin prior to 
the -exposure of the skin : to UV: radiation, wherein the topical administration; is; ; ; 
made prior to exposure by an ampiirit of time effective to prevent a UV-induced 
reduction in collagen biosynthesis.; ;;;;;;;;;;;;;;;;;;;;;;;;;;;;•::• 



26. The method of claim 25, wherein the inhibitor is a 
geranyltransferase inhibitor,: lisofylline, :SB202i90, PD98059, an antagonist of 
an; ionophore ■ G protein-coupled receptor,; or epidermal growth factor receptor: 



::::::1:::::::::::::::::::: 27. : : : The: method of claim: 26, wherein the antagonist is suramin, :::::::::::::::::::: : : 
: 2 ;;;;;; : AG-494, Erbstatin; analog, Genistein, Lavendustin A, Tyrphpstiris U 9^23, 25,; ;;;;;;;;;;;;; 

: ;;;;;3;; ;;;;;;;;;; 46; 47, ^sl^p^ 



;;;i;;;;;;;;;;;;;;;;;;;; 28. A topical pharmaceutical composition for preventing the reduction 
: 2 ::::::: in collagen biosynthesis in : human ;skin mediated; by : exposure; of die; skin :to; UV ; 
: : : 3: :::::::::: : radiation; comprising m effective; amount of a retinoid and a pharmaceutically 
: : :4: :::::::::: : acceptable carrier therefpr, prpyided; that said composition is; applied to the skin; ; 

;;; 5; ;;;;;;;;;; ; prior to its; (exposure to UV radiation: ;;;;;;;;;;;;;;;;;;;;;::;;;;;;;;;;;;; : ;;;;;;;;;;;;;;;; 
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28 



:::::::: 29.; \ \ The; composition of claim; 28^ Avherein the retinoid is &\~tttms 
retinoic acid, retinol,: or a mixture thereof: : : : : : 



1 30. The composition of claim 28, wherein the retinoid prevents; a 

: : : 2 : : : : : : reduction in type I procollagen synthesis. : : 



1 31. The composition of claim 28, wherein the retinoid prevents: a 

: : : : 2 ":::::::::: : reduction in Type HI procollagen: synthesis.; : : : 



1: :::::::::::::::::: : 32. The composition of claim 28; whereinthe sourceof the U V 
2 :::::::::: : radiation; isthe sun. 



;;;;;;; 33. ; ; The composition of claim 28; wherein the composition further 
comprises a sunscreen; a sunblock,; an antioxidant, pr a mixture thereof. ; ; 



1 34. ; The composition of claim 28; wherein the composition further 

2; ;;;;;;;;;; ; comprises an antioxidant; ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 



I 35. ; ; ; The composition of claim 28; wherein the composition further ;;;; 

; 2 ;;;;;;; ; comprises a combination of (i) an antioxidant and (ii) a sunscreen or sunblock; 



i; ;;;;;;;;;;;;;;; ; 36 ; ; ; The comiposition of claim 3 5; wherein the sunscreen is 

2 :::::::::: : :4-/-butyM--methoxydite^^ ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 



;;; i; ;;;;;;;;;;;;;;;;; ; 37.; The composition of claim 36; wherein the suriscrejen is a; ::::::::::;::::::::::::::::: 

; ; 2 ;;;;;;:: : combination of 4-/-butyi-4'-methoxyd^^^ ;;;;; : ;:;;;;;;; : ;;;;;;;;;;; 

:::::$::::::::::: />-meth6xy cinnamate. :::::::: 



:;;;;;;;;;; : ;;;;;;;;;;;;;; 38. ; ; ; a topical pharmaceutical composition for preventing: the reduction ;;;;;;;;;;;;;;; 

:::::::::::::::::: in! collagen biosynthesis: ih: humah: skin mediated by! C-JUN through expOSlire of ; :::: : : : :::!::::: : 

;;;;;;;; the skin; to uy radiation, comprising an effective amount of an inhibitor of ;;;;;;;;;;;;;;;;;;;;;;; 
;;;;;;;;;;;;;;;;;; c-JUN and a pharmaceutically acceptable carrier therefor,: wherein said ;;;;;;;;;;;;; : ;;;;;;;;;;;;;;; 
;;;;;;;;;;;;;;;;;; composition: is: topically; administering to; the skin priorto: the exposure: of the: : : 



skin to UV radiation [ by ah amount of time effective to prevent a UV-induced ][[][[\[[\\] [[]]::::'. 
\\\][\\':\]]\]\\\]\ reduction in collagen biosynthesis. 

■ '■ ■ : i i; • i i \l: 39.: \ \ \ The; method of claim 38, wherein the inhibitor 

i i j ii! I j ! i ; ; ; ; geranyltransferase inhibitor, lisofylline, SB202190, PD98059, an antagonist of :::::::::;:::::::::: 
\\\\\$.]]'-'-]\]\]\[ an ionophore; G protein-coupled ': receptor, or epidermal igrowth ; factor receptor. [\\] 



:j: 
2 
3 



: 40; The method of claim 39, wherein the antagonist is suramin, 
AG-494; Erbstatin \ analog, Genisteih, Lavendustih A, Tyrphostins ; 1 ; 9, ] 23 y 25, 

46, 47, or 51, or PD 153035. : : ; : 
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